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? V ???????????????????????????(e) (a) ? III ???? V ?
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AV10O15 ? V ????????? +2.8 ????V2+(3d3) ? V3+(3d2) ? 2?8 ??????
??AV10O15 ? V?????????????????????????????????? V
? O??????????????????????????? 2.2?????? V? 3d ??
??2????? eg ??? 3????? t2g ????????V3+ ? 3d ??? 2??????3
????? t2g ?????????????????????????????????AV10O15
????????????????????
? 2.2 AV10O15 ?????
2.1.3 BaV10O15 ???????????????
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??????? 2.3(b)???????? V????????????? V5?????????
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2.3 ????
2.3.1 ????
?? BaV10O15 ???????????????????????BaCO3 ? V2O3?????
????????? 3N??????? (2.1)????????????????????? 30?
???????????????????????????????????????????
???? Ar+H2(H2 ?? 7%)??????????? 1000??? 2????1000??? 1350
??? 3????????1350?? 12?????????????????????????
V2O3 ?????????????? V2O3 ? 5?8g????????? Ar+H2(H2 ?? 3%)?
??????????????????????? 920 ??? 2 ????????920 ?? 24
???????????????????????????V2O3 ?????????????
???????????????????????????????????????????
??????????????????V2O3 ?? V????????????????????
BaCO3 + 5V2O3 + H2  ! BaV10O15 + H2O + CO2 " (2.1)
2.3.2 ???????
??????cm???????????????? Floating Zone?FZ??????????
FZ????? 2.5???????????????????????????????????
???????????????????????????????????????????
????????????????????????????????? mm????????
???????????????????????????????????????????
?????????????????? FZ????????????????? cm????
???????????????????????????????????????????
???????????????????????????????????? 5  8 cm ??
????? BaV10O15?SrV10O15 ?????Ar+H2(H2 ?? 7%)?? FZ???FZ? (????
??????FZ-4000-H-VI-VPO0PC)????? 9.8 rpm?7 mm/h????????????
?? cm????????????????
2.3.3 ????
2.3.4 ?? X???
??????????????????????????????????????????
MiniFlex(Rigaku??)??????????????????????? Cu K???????
??????? ICDD??????????? Cellcalc???????????
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?? Ar + H₂ (7%)Ar + H₂ (7%)
?????
???????
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??????
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? 2.5 Floating Zone?????
2.3.5 TGA
FZ???????????????????????????????????????V?
O?????V?????? +2.8???????????????????????????
????ICP??? Thermogravimetric analysis(TGA)?????TGA???????????
?????????????????????????????BaV10O15 ?????????
????? Ba? Ba2+ ???????????V? 690???????? V5+ ???????
??????????????700??? 20?/min??????700?? 12????????
???-10?/min??????????????????????? (DTA)?????????
????????????????V? O???????????x?y??????????
??????????
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2
  5
4
x +
1
2
y
!
O2  ! BaV10 xO26  52 x (2.2)
?? O??????????????x = 0??TGA??? O????? y?????????
? ICP??????????x? y???????????
2.3.6 ICP??
Ba:V ???????????????????????????????ICP?Inductively
Coupled Plasma?????????????????????? IRIS-Intrepid????????
??ICP???????????????????????????????????????
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???????????????????????????????????????????
??????? (??????)?????????????????????????????
???????????????????????? BaV10O15 ?????? 10mg ?????
???HNO3 ? HCl? 1:3????????250ml?????100?????????????
???????? Ba? V????? ICP??????????
2.3.7 ?????????????
???????Rigaku ???????????????????????????????
??????????????????????????????????????? X???
??????????????????????????????????BaV10O15 ????
???????????? ~ka?~kb?~kc ????????????????????? ~a?~b?~c?
?????????2 ?????????????????????????????????
ab?? [110]??? ka ??kb ?????????? 49?41 ???????????????
????????? RINT-2000(Rigaku)???? Smart-Lab(Rigaku)????????????
??? 2=???????????????????
2.3.8 ???????
?????????????????????????????????????????
????300 K ?? 4.2 K ??????????????????????????????
??CX-1050-SD????????????Keithley2000) ????????????????
??????DC???? ADCMT?? R6144?????????????????Keysight,
34420A???????????????????Keithley 2000???????????????
???????????????????????1 k
?10 k
?100 k
?1 M
???????
????????????Du Pont, 4922N??????? Cu?? 30 m??????????
? ????????????
 = R
S
l
(2.3)
????R?l?S ???????????????????????????????????
??????? R????????????????? RRe f??????????? VRe f???
l?????? V ????
R = RRe f
V
VRe f
(2.4)
???????
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2.3.9 ?????
???????Quantum Design??? SQUID (Superconducting Quantum Interference Device)
?????????????????????????????????2?????????
??????????????????????????????????????????
???????????????????????????????????????????
?? BaV10O15 ????????150 K?? 300 K????????????????????
??????????BaV10O15 ????????????????????????????
??????????????????????????????? 2.6??????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
???1000 Oe (= 0.1 T)????
???????????
???? ??????????? ???? ???????
(a)
(b)
????
???? ?????????????????
? 2.6 SQUID?????????????????(a)????????????????
?????????????????????????????????????????
??(b)????????????????????????
2.3.10 ???????
BaV10O15 ?????????????????????????
????
??????????????????????????????????????????
????????????? #3000??????????????????????WA???
??????????????????????????????? 30???????????
#6000????????????????????????????????????????
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???????????????????????????????????????????
??????????
???????????????????????????????????????????
???????????????????????????????????????????
???????????????????????????????????????????
????????
????????
?????????250  25000 nm?0.05 5 eV??????????????????????
????????????????????He??????????????????Oxford?
OpistatCF???????????300 K?? 5 K?????????
???????
????????? 1 eV??????????????????????????????
????????????????????????? BaV10O15 ?????????????
???????????????????????????????????????????
???0.05  0.97 eV????? 2.7??????????????????????????
? FT-IR????????VIR-9550???????????????????????????
???????????????????????????????????????????
???????????????????????
????????
0.75 eV?2501800nm???????? 2.8?????????????????????
? 2.1????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????Si?? Ge???????
???????????????????????????????????????????
??????????????????????????????Al????????
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He-Cryostat
????? ?????
????? ?????
??????
???
????
????
????
?????
??????
???? ????
??
MCT??????
?????????
????????
(b)
(a)
? 2.7 (a)???????????(b)????????????
?
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平面ミラー
凹面ミラー
f=200
凹面ミラー
f=200
凹面ミラー
f=200
凹面ミラー
f=200
パラボリックミラー
カラーフィルター
モノクロメーター チョッパー
偏光素子
アイリス
アイリス
光源
Heクライオスタット
試料
? 2.8 ???????????
? 2.1 ???????????????????
???? (nm) ?? ???? ??????
250-390 ??????? 1200?/mm, 200nm?? Si
390-500 ??????? 1200?/mm, 200nm?? Si
390-680 ??????? 1200?/mm, 500nm?? Si
680-900 ??????? 1200?/mm, 500nm?? Si
800-1200 ??????? 600?/mm, 1000nm?? Ge
1200-1800 ??????? 600?/mm, 1000nm?? Ge
??????????????????????????
???????????????????????? 0.05  5 eV????????????
???????????????????????????????????????????
???????????????????????????????????????????
???????? "˜????????????????????????
p
R(!) exp(i(!)) =
1   p"˜(!)
1 +
p
"˜(!)
(2.5)
??? (!) ??????????????????????????? R(!) ???????
???? (!)?????????????????????????????????????
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Kramers-Kronig ????????????????? Kramers-Kronig ???????? R(!)
? (!)?
(!) =   !
2
P
Z 1
0
lnR(s)
s2   !2 ds (2.6)
?????????????? (!) ?????? 0 ?? 1 ? R(!) ????????????
??????????????????????????????????Hagen-Rubens??
???R(!) = 1   (8!"0=(0))1=2 ?????????????????????5 eV?????
???????10  40 eV?? 5 eV??????????????????????????
???R / ! 4 ????????????????????? (!)? R(!)??? 2.5????
??? "˜(!)???????????????????? (!)???????????
(!) =
!
4
Im"˜(!) (2.7)
???????????????????????????????????????????
???????????
2.3.11 ????? X???
BaV10O15 ?????????SPring8 ??????? BL2B2 ?????????????
??????? 0.777???????300 K?160 K?140 K?115 K?90 K?????????
???2=?????????? 300 K????? 90 K??Rietan-FP [8]?????Riedveld
??????????????? Cellcalc???????????
2.3.12 ??? X?????
Rapid-II(Rigaku)??BaV10O15 ???? X??????????0.1 mm?????????
???????????????????????????N2 ?????????? 300 K 
100 K??????????
2.4 ???????
2.4.1 ????
? 2.9(a)-(c)??????BaV10O15 ???????? X?????????????FZ??
?????????????(010)??????????????????????? Cmce?
????????Cellcalc????????????a = 11.579 Å?b = 9.950 Å?c = 9.380 Å?
???Liu??????????? [3]?? 2.9(b)?????? FZ?? 5 cm????????
????????? 2.9 (c)??? 2.9(b)??????????? (010)???????????
???????????????????????????????????????????
?? 2????????[100]?[001]????????????[100]? [101]????? 51?
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(a)
(b)
(c)
k
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k
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Single crystal
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2
? 2.9 BaV10O15 ? (a)?? X????????(b) FZ????????????(c) (b)??
????????? (010)???????
[001]? [101]????? 39 ????????2????????? [100]? [001]???? 2.9
(c)??????????????
? Ba? V????? ICP?????????????3??????Ba : V = 1 : 9.86????
V????????????????????? BaV9:86O15  ? ?????????TGA?
?????? = 0:2????????????????????? BaV9:86O14:8 (V+2:82)???
????????
2.4.2 Tc ???? BaV10O15 ?????
? 2.10 (a)? BaV10O15 ???????????????????????300 K?????
???????????a? b?c????10 2 
cm?????300 K??????????
????????Tc = 123 K?????????? 3?????????????? 2.4(a)?
????????????Tc ?? ???????????????????Tc = 123 K???
???????????????????????????????
????T > Tc ??????????????? ????????????????????
???????????? ??????????????????????????????
?? ?? 2.10(b)????????????????????????????????
 = 0 exp(=kBT ) (2.8)
???????????????????????? 0 ????????????????kB
??????????????????  0:1 eV????????????????????
?????????????? gap?????????????????????
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Small polaron
r
a
Activation
VRH
r
a
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D =0.05eV
D =0.1eV
? 2.10 BaV10O15 ? (a)????????????(b)??? (T > Tc)???? a ????
????????????????????? (??)????????????????VRH
???????????????(c)??? (T < Tc)? c ????????????????
??? ( = 0.05?0.1 eV)????????????
??????????????????????????????????????????
?????????????????? [9]??????kBT  1=2~!0;!0 ?????????
??????????????????????? !??????? (!)??
(!;T ) =
A
kBT (2EbkBT )1=2
exp
 
  Eb
2kBT
!
sinh(~!=2kBT )
~!=2kBT
exp
"
  (~!)
2
8EbkBT
#
(2.9)
?????????? Eb ??????????????????kB?~ ??????????
??????????????! ! 0?????! = 0????? DC????? (T )???
???
(T ) =
(2Eb)1=2(kBT )3=2
A
exp
 
Eb
2kBT
!
(2.10)
????T > Tc ???????????????????? 2.10(b)?????Eb = 0.26 eV?A
= 83 
 1 cm 1 eV2 ?????????????????????? Eb?A?? (2.9)????
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??????????????????????????????????????
????????????????????????????????????Variable Range
Hopping?VRH?????????n??? VRH????????? (T )?????????
????
(T ) = 1 exp
26666664 QkBT
!( 1n+1 )37777775 (2.11)
n = 2???????????????1 = 1.2  109 
cm?Q = 1  102 eV??????????
????????????? VRH???????????????????????????
??????????????????VRH? DCMHz???????????????
(!) = dc + A!p (2.12)
???????????? [10]?????dc ??DC??????1/)????p? 0 < p < 1
??????A? p????????????????????????????MHz???
???????????????????????????????????????????
Ru?????? SrTiO3 [11]???VRH???????????? T > Tc ???? BaV10O15
????? soft-gap?????????????????????????VRH??????
???????????????????
????Tc ???????? 2.10 (c)????????? ????????????????
??0.05  0.1 eV????????????????????????????????
? BaV10O15 ???????????? 2.11????Tc = 123 K??????????????
??????  20%???????????????43 K? kink?????43 K??? a ?
?????????????TN = 43 K? a???????????????????????
???????????Bridges ????? BaV10O15 ??????????????????
??????? [6]?a??????????????????????????????T > Tc
????????????????? ??????????????
????????Curie-Weiss??????
 =
C
T    (2.13)
????Curie-Weiss???? (1=vsT )??????????? C??1.46 cm3/KV-mol?Weiss
??  ?? 1:20  103 K????? (? 2.11????)??????? T > Tc ???????
???????????????????????????????? C ??????NA?kB?
B?g????????????????????????????g?? (=2)?????????
C =
NAg22BS (S + 1)
3kB
(2.14)
?????V2+ ? V3+ ? 2 : 8 ??????????????C = 1.17 cm3/KV-mol ????
????????????? C?= 1.46 cm3/KV-mol????????????????????
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2.11(b)???????200 K> T > Tc ??????????????????????????
??????????????Tc ????????????????????????????
??????????????????????
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? 2.11 BaV10O15 ? (a)??? ??????????? T > Tc ? Curei-Weiss?????
???????????Tc ???? Curie-Weiss???????????(b) Tc ??????
???????
?????????????????????????BaV10O15 ????????????
??????? 2.12 ??27.828.8 ??????????????????????Tc = 123
K ???????????????????????????????? Cmce ??????
hkl : h + k = 2n + 1??Pbca??????????????????????????????
Tc ? Cmce?? Pbca????????????????????
?? 2.13? Cellcalc??????????????????????????????????
??? 300?160?140 K???? Cmce????? 115?90 K???? Pbca????????
?????140 K? 115 K???????????? a?? 0.18%???b?? 0.57%????
?? c?? 0.3%????
????????????????????? 300 K ????? 90 K ??Rietan-FP [8] ??
Rietveld??????????????????? 2.14?? 2.15?????????????
??????????? 2.2?? 2.3????????300 K? 90 K? V-V?????? 2.4?
???????????Bridges???????????????????????? [4]?
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BaV10O15 300 K
? 2.14 300 K???????  = 0.7778 Å?? BaV10O15 ?????? X???????
?+?????????????????????????????????????????
?????????????????????? 2 = 60- 70 ???????
? 2.2 300 K???? BaV10O15 ??????????
300K Cmce
a(Å) 11.59511(5), b(Å) 9.94583(4), c(Å) 9.39750(4)
Atom(Site) x y z B(Å2)
Ba(4b) 0 1/2 0 0.68(1)
V1(8 f ) 1/2 0.6770(1) 0.1387(1) 0.10(2)
V2(16g) 0.3711(1) 0.4099(1) 0.13629(1) 0.31(2)
V3(16g) -0.2462(1) 0.6711(1) 0.1106(1) 0.25(2)
O1(8d) -0.2568(3) 1/2 0 0.75(3)
O2(16g) 0.1208(2) 0.2473(3) 0.0010(4) 0.75(3)
O3(8e) 1/4 0.3243(4) 1/4 0.75(3)
O4(16g) 0.6298(4) 0.5885(3) 0.2455(3) 0.75(3)
O5(8 f ) 1/2 0.3435(4) 0.2481(6) 0.75(3)
O6(4a) 1/2 1/2 0 0.75(3)
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BaV10O15 90 K
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? 2.15 90 K???????  = 0:7778Å?? BaV10O15 ?????? X????????+
??????????????????????????????????????????
????????????????????? 2 = 60- 70 ???????
? 2.3 90 K???? BaV10O15 ??????????
90 K Pbca
a(Å) 11.61199(5), b(Å) 9.86055(4), c(Å) 9.41488(4)
Atom(Site) x y z B(Å2)
Ba(4b) 0 1/2 0 0.37(1)
V1(8c) 0.5052(4) 0.6754(1) 0.1415(2) 0.00(2)
V2a(8c) 0.3747(3) 0.4112(3) 0.1363(4) 0.07(6)
V2b(8c) 0.6344(3) 0.0969(3) 0.6319(4) 0.19(6)
V3a(8c) -0.2410(3) 0.6804(3) 0.1120(4) 0.16(6)
V3b(8c) 0.2486(3) 0.8301(3) 0.6065(4) 0.01(6)
O1(8c) -0.2593(4) 0.490(1) 0.001(2) 0.33(4)
O2a(8c) 0.1111(7) 0.248(1) 0.004(2) 0.33(4)
O2b(8c) 0.8727(7) 0.251(1) 0.506(1) 0.33(4)
O3(8c) 0.241(1) 0.3265(5) 0.252(2) 0.33(4)
O4a(8c) 0.6363(8) 0.582(1) 0.243(2) 0.33(4)
O4b(8c) 0.3733(8) 0.905(1) 0.747(2) 0.33(4)
O5(8c) 0.505(1) 0.3434(4) 0.2420(6) 0.33(4)
O6(4a) 1/2 1/2 0 0.33(4)
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? 2.4 ???? 90 K???? 300 K?? V????????????????? z=0??
???z=1/4?? V??? V-V????????z = 0? z = 1/4??? V2??? V-V??
??V3a-V3b??z = -1/4? z = 0?? V-V??????????????????????
bond 90 K (Å) 300 K (Å) dif(%)
?? V1-V2a 3.014(4) 3.048(1) -1.1
?? V1-V2b 3.077(4) 3.048(1) 1.0
?? V1-V3a 2.960(6) 2.955(1) 0.2
?? V1-V3b 2.999(6) 2.955(1) 1.5
?? V2a-V2b 3.017(3) 2.988(2) 1.0
?? V2a-V3b(????? 2.955(4) 2.985(1) -1.0
?? V2b-V3a(????? 3.099(4) 2.985(1) 3.8
?? V2a-V3b(????? 2.791(4) 2.748(1) 1.6
?? V2b-V3a(????? 2.528(4) 2.748(1) -8.0
?? V1-V2a 3.085(4) 3.107(1) -0.7
?? V1-V2b 3.139(4) 3.107(1) 1.0
?? V2a-V2b 3.121(3) 3.126(2) -0.2
?? V2a-V3a 2.948(5) 2.852(1) 3.4
?? V2b-V3b 2.720(5) 2.852(1) -4.6
?? V3a-V3b 2.534(2) 2.605(2) -2.7
???z=-1/4? 0) V3a-V3b 2.655(2) 2.622(2) 1.3
????? 2.4?? V-V????? 300K?? 90K??????????????????
??????? V-V ?????ab ????????c ??????????????????
?????????? Bridges?????????????????????????????
???????????????????????? 2.16(a) ? V ? 2 ??? 2.1(d)?????
????????????? z = 0 ? V ????? z = 1/4 ? V ?????????? V ??
???????????????????????? V-V??????????? 2.16(b)??
?????????????????? V-V ??????????????????????
???????????????????? Tc ??????????????????? V?
?????????????????????V?????????????????????
2.16(b)????????????????????????????????????????
BaV10O15 ? V???? t2g ?????????????????????????? V???
??????????????? LiVO2?V3+; 3d2??????Pen??????????? V
?????????????????????? [12]??????Tc ???????? V??
?? d ????????????????????????? 2.16????????????
??????????????????Takubo?????????????? X??????
???????????????????????? [13]?
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b
a
(a)
Z=0
Z=1/4
c
(b)
~5%
~8% ~3%
2.85 →2.72Å
2.75 →2.53Å 2.61 →2.53Å
O
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V
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V2a
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V2b
V2b
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V3a
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? 2.16 BaV10O15 ? (a) BaV10O15 ???? z = 0? z = 1=4? V????????????
z = 0??????????????? V????????? z =  1=4??? V5?????
?????????(b)??????????????? 3?? V????????????
???V??????????????????????????????????????
????????????????????V????????????????V?????
???????V? t2g ?? xy?yz?zx???????????????????????
? 2? BaV10O15 ??? 33
s = 0? spin-singlet??????????LiVO2 ?????????????? 1.4(b)????
?? BaV10O15 ????????????????????? 20 %????????????
??????????????????????????????????
?????????????????Tc ???? V ???????????? V3+?3d2??
spin-singlet?????????????BaV10O15 ? 10?? V????6?? V? 2?? V?
?????????? 4?? V??2???????????????????? 2.16(b)? V1?
V2a???????BaV10O15 ? V?????? +2.8???????? 4?? V????2??
V3+(3d2)???? V2+(3d3)???????????????????????????????
??C??V????? 1/5? S = 1?V3+??1/5? S = 3/2?V2+???????0.575 Kcm3/V-mol
?????? C ?????Tc ?????????????????????? 2.11(a)????
?????????????Weiss ??  ?-280 K ??????????Tc ????????
???1??????? C ? 1.175 Kcm3/V-mol ?? 0.575 Kcm3/V-mol ???????????
??? V??????????????????????2?Weiss??  ?-1200K??-280 K
???????????????????????????????????????????
??????????
???? Tc ?? TN ??????????????????????????????????
?????????????????????? V?????????? bc????????
?????????????????????????????????
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BaV10O15 ?????????????????????? Kramers-Kronig ???????
????????? (!)???????? 300 K???? 5 eV?????????????
((!)) ?? 2.17 ???????????3 ???????????1 eV ??? 1 eV ?? 3.5
eV???? 3.5 eV?????????3.5 eV????????Charge-Transfer?? (CT???
??????? O? 2p???? V? 3d ???????????????1 eV?? 3.5 eV?
?????Mott-gap????????? V??????????????????? V3+(3d2)
? V3+(3d2)??????????????? 1 eV????????V???????????
???????? V2+(3d3) ? V3+(3d2) ??????????????in-gap ????????
????????????????????????? V2+?V3+ ???????La1 xSrxVO3
?????????? [14]?
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? 2.17 BaV10O15 ? 300 K??????????????
? 2.18(a)-(c)? 1 eV????????????????????(!)a?(!)a?(!)a???
????????300 K?????????? 0.5 eV???????????????T > Tc ?
? ~! = 0 eV????? (!)?????????????????? gap?????????
?????????????????? T > Tc ?????????????????????
???????300 K??????????~! = 0:5 eV?????????????????
?????? Tc ??? 130 K???~! = 0 eV????? (!)? 0????????soft-gap
???????????soft-gap????? (!)???????????? Ni??? [15]?Ru
???????????? SrTiO3 [11]????????????
? Tc ??? 130 K ???????? Tc ??? 110 K ???? (!) ???????????
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(d) 0.1-0.3 eV???? a?b?c ??????????????????
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??b ? gap???????0.3 eV?????????????Tc ?? V????????
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????? 300 K??????????????????? Tc ?????????Tc ??? a
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??????????b  c > a????? 2.19 (b)????? 5 K???????????c
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????????????????1 eV??????? c > b  a?????????????
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2.5 BaV10O15 ??????
? 2.11 (b)????? Tc=123 K< T < 200 K?????????????????????
???????????????????????????????????????????
????????? 2.20(a),(b) ? NMR ????? [17] ??? 2.20(c) ??????????
? [18]??? 2.20(d)?(e)???? [19]???? [4]???????????????????
??????NMR??????????T > Tc ????? 200 K?????????????
?????????? V???? Tc ?????????????????? 2.20(c)?????
??????NMR?????? [110]??? 3??????????? 150 K???????
???????????????????????????????200 K?????????
???????????NMR??????????????????= 200 K????????
????????????177 K???????150 K??????????????????
??????????????
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117K
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? 2.20 (a) 51V NMR?????? (b)Knight??? K?????? [17]?(c)??????
?????? [18]?(d)??? [19]?(e)??? [4]?????????????????
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??????????????????????????????????????????
???????????????????Tc = 123 K???????? Tc = 136 K??????
?????????BaV10O15 ? ostoichiometric????????????????????
??? stoichiometric???????????????
??????????????????????????? 2.21(a),(b)?????????200
K?????????????????????????????172 K? 180 K??????
???????????????????????????????????????????
?????????????
???????????????? X??????????????????????????
????(403)??? (4+q, -q, 0)???????????????? 2.21 (c)????(403)?
BaV10O15 ???????? Cmce ???????????200 K ? (403) ?????????
(4+q, -q, 0)????????????????q?????????160 K??? q = 1/3???
???????????????Tc????????????????????????????
???????????? 207 K?????????? (qq0)????????????????
?? 172 K?? 180 K?????????q = 1/3???????incommensurate-commensurate
??????????????????????NMR??????? 200 K????????
?????????????? (qq0)?????????????????????150 K??
???????????? [110]??? 3???????????q = 1/3? (qq0)??????
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?????
???????????????????????????????????????????
??????????????????? 2.18?????? 0.5eV????????????
?????????????? V????????????? SrV10O15 ??????????
5K?????????????????????? 2.22????a?? 0.2 eV???? 0.3?c
?? 0.4 eV ? dip ? 300K ????????? dip ??Tc = 123 K ????????????
??????????????????????????????????????? dip???
?????????????????????????????????????? dip? 300
K???????????????????????????????? Tc ????????
?????????????????????????????????? V????????
?????????????????
? 2.22 SrV10O15 ? 5 K?????????? BaV10O15 ???????????????
????(a) a??(b) b?(c) c????
????V?????????? [110]??? 3????????????????????
??? 2.23 (a)? V2??????? b???? V????????????????????
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???????????????????????????????????????????
????????????b???? 3?????????????????????????
???????????????b??????? 3??????????????? a???
???????????????????? 2.23(b)?????a????? 3????????
?????????????????a??b???????? 3?????????????
??????????????????V??????????????[110]??? 3???
???????????????????
2.6 V?????? BaV10O15 ???
BaV10O15 ???????????????????V??????? BaV10O15 ??????
????????????????????? 2.24???????????? b???????
????????
???????????????? 2.22????? 300 K??????????? 2.24(a)??
??????????????????????????(qq0)??????? NMR?????
????????? 200 K????????????????? 2.24(b)??????????
???? Tr ????? l??????????Tr > 3l??????????????????
?????????????????? 2.21????? 200 K????????????? V?
?????????Tr ?????????
???? 170 K????V???????????? 2.24(c)?????Tr = 3l??????
?=[110] ???????????????????????????????????????
incommensurate-commensurate ???????????????????[110] ???????
????????????????????????? V?????????????????
???Charge density wave??????V???????V trimer density wave????????
???????????????????????????????????????????
???????
????????????Tc ??????????????????Tr = l?????????
?????????? V???????????????V-V???????????????
?? 1000????????????????????????? 0.3 eV? gap??????-?
????????????????????????BaV10O15 ???????V??????
???????????????
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(a)
(b)
? 2.23 (a)b???? V???????????b???? 3?????????????
??????????????????(b) a ????? V ???????????[110] ?
?? 3????????? (???monoclinic)?????
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T < ~130 K ~130 K < T? 170 K 170 K < T < 200 K
l?????
λTr??????
b
a
(a)(b)(c)(d)
200 K < T
? 2.24 ??????? V???? b???????????????a) 200 K< T ????
? V??????????????????????????(b) 170 K < T < 200 K V??
????????????????Tr > 3l??(c) 130 K < T < 170 K? V???????
??????????????(d) T <130 K Tr = l?
2.7 ???
BaV10O15 ??????? Floating Zone????????????????????????
????????????????????? X????????? X??????????
????????
? Tc = 123 K?????? 1000???????????????????????? X??
??????Tc ? V?????????????????????????????????
TN =43 K??a????????????????????????????????????
???????????????????????????V????????? 0.3 eV??
? gap????????????????????? 300 K? 5 K?????????????
???????????Tc ???????? V?????????????????????
???
? Tc < T < 200 K ?????????????? X ??????????????????
???????(qq0)???????? 200 K??????????????????????
?????????????????????170 K ? q = 1/3 ?????? incommensurate-
commensurate??????????????????? (qq0)???? Tc ?????????
? 2? BaV10O15 ??? 43
????? V ????????????V ????? [110] ???????????????
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44
????
[1] D. Chales de Beaulieu and H. Mu¨ller-Buschbaum, Z. Naturforsch. 35b, 669 (1980)
[2] D. Chales de Beaulieu and H. Mu¨ller-Buschbaum, Z. anorg. allg. Chem. 472, 33 (1981)
[3] G. Liu and J. E. Greedan, J. Solid State Chem. 122, 416 (1996)
[4] C. A. Bridges and J. E. Greedan, J. Solid State Chem. 177, 1098 (2004)
[5] C. A. Bridges, J. E. Greedan, and H. Kleinke, J. Solid State Chem. 177, 4516 (2004)
[6] C. A. Bridges et al., Phys. Rev. B 74, 024426 (2006)
[7] K. Momma and F. Izumi, J. Appl. Crystallogr. 44, 1272 (2011)
[8] F. Izumi, and K. Momma, Solid State Phenom. 130, 15 (2007)
[9] H. G. Reik, and D. Heese, J. Phys. Chem. Solids 28, 581 (1967)
[10] A. K. Jonscher, Nature 267, 673 (1977)
[11] K. W. Kim et al., Phys. Rev. B 71, 125104 (2005)
[12] H. F. Pen et al., Phys. Rev. Lett. 78, 1323 (1997)
[13] K. Takubo et al., Phys. Rev. B 86, 085141 (2012)
[14] J. Fujioka, S. Miyasaka, and Y. Tokura, Phys. Rev. Lett. 97, 196401(2006)
[15] T. Katsufuji et al., Phys. Rev. B 54, R14230 (1996)
[16] T. Yoshino et al., Phys. Rev. B 95, 075151 (2017)
[17] Y. Shimizu et al., Phys. Rev. B 84, 064421 (2011)
[18] ???????????? 2009?????, 26aPS-60 (2009)
[19] T. Katsufuji et al., J. Phys. Soc. Jpn. 85, 013703 (2016)
45
? 3?
SrV10O15???
3.1 ????
???????????BaV10O15 ???????? V???????????????Ba?
????????????????????????????? AVO3 ???A???????
3????????????????????V?????? V3+ ????????A????
?????????????GaFeO3 ??????V? 3d?????????????????
??????????????????????????????? [1]?????A ????
?????????????????????????????????????BaV10O15 ?
Ba?????????? Sr??????????????????????????????
?*1?
3.2 SrV10O15 ?????
SrV10O15 ??????????????? BaV10O15 ??????????????? Cmce
????????????? a = 11.574 Å?b =9.915 Å?c = 9.324 Å??? [2]?
?? 3.1 (a)-(d)??Liu????????????????????????????????
???????? [3]???? 3.1 (a)??????????????????????????
???????????????????????????????????????????
????????????????????????????? BaV10O15 ?????????
?? ostoichiometry?????????????????????
???????????? 3.1(b)????????????????????????????
?? 1300 K????????????????50 K???????????????????
???? Zero-Field-Cooled(ZFC)??Field-Cooled(FC)??????????????????
??????????? 3.1 (c)????50 K?????? Cmce? 111??????????
??????????????????????????????????? 3.1 (d)?????
*1 12?????????????????Ba2+ ? Sr2+ ??????1.61 Å?1.44 Å??? [4]?
? 3? SrV10O15 ??? 46
50 K??????????????????
??????????????????????Liu???50 K??????????????
???????? 50 K ???????????????? ZFC-FC ????????????
????????? weak ferromagneic?????????????????????????
??? SrV10O15 ? V?????????????????????
?
(a) (b)
(c)
(d)
? 3.1 (a) SrV10O15 ??????? (a)????????????(b)??????????
?1300??1600??????? SrV10O15 ????????ZFC? FC??(c) 100?30?5 K?
??????????????(d) 111?????????????????? [3]?????
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3.3 ??????
SrV10O15 ??BaV10O15 ???????????????????????????????
??????????????????????BaV10O15 ????????????????
?????????????????? V????????????????????????
???????????? SrV10O15 ??????????????????????????
??????????
3.4 ????
?????????????????????????? Sr2V2O7 ????????????
???SrCO3???????3N??V2O5???????3N?????? (3.1)?????????
????????????????????????????????????? 850??? 2
??????? 850?? 20???????????????????????????????
??????????????????????????????Sr2V2O7 ??????????
2SrCO3 + V2O5 ! Sr2V2O7 + 2CO2 " (3.1)
????SrV10O15 ??????????Sr2V2O7?V2O3(??????3N)???????? 3.2
?????????????????????? 2??????BaV10O15 ??????????
?? BaV10O15 ???????????????????? Floating Zone?????SrV10O15
???????????????
Sr2V2O7 + 9V2O3 + H2 ! 2SrV10O15 + 4H2O " (3.2)
??? SrV10O15 ???????????? X??????? 2??????????????
??????????????????????????
???????????????????????????????? SQUID???????
?????????????????????????????????? 2????????
??????????????????????????????????????????
?????????????????0.01-0.1 eV?????????????????????
?????????????????????????He ????????????????
??Oxford???OptistatCF????? 300 K??? K?????????????
3.5 ???????
? 3.2 (a)???????????????????? 300 K? 0.810 3 cm3/V-mol????
BaV10O15(110 3 cm3/V-mol???????????? TN = 27 K? a??????????
? 3? SrV10O15 ??? 48
????????????????????? 3.2 (b)? Curie-Weiss???? (1=vsT )????
130 K?? 300 K????????
 =
C
T    (3.3)
?????????? C??1.6  1.8 cm3/KV-mol?Weiss?? ?? 1:7   2:0  103 K??
????1??? SrV10O15 ??10?? V????2?? V? V2+(3d3)?8?? V? V3+(3d2)
??????????????????????????1.17 cm3/KV-mol?????????
??????????????????????????? 3.2(c) ???????Zero-Field
Cooled? Field-Cooled????????? TD ??TN ???  30 K???????????
???????? jj=TD ? 68?????????????????????? 10?????
??????????????????????? [5]??????????????????
???? SrV10O15 ? V?????????????????????????????
0 100 200 300
0.6
0.8
1
1.2
SrV10O15
T (K)
H = 0.1T1/
c
 (
10
3 V
−
m
ol
/c
m
3 )
 
1/c
a
1/c
b
1/c
c
0 100 200 300
0
1
2
SrV10O15
T (K)
H = 0.1T
c
 (
10
−
3 c
m
3 /
V
−
m
ol
) cc
c
a
c
b
T
N
=27K
Field − Cooling
0 20 40 60
1
1.2
1.4
SrV10O15
T (K)
H  = 0.1 T
c
 (
10
−
3 c
m
3 /
V
−
m
ol
) 
FC
ZFC
c 
a
(a) (b)
(c)
? 3.2 (a) SrV10O15 ?????(b) Curie-Weiss?????(c) a????????? ZFC? FC????
? 3.3(a)? SrV10O15 ??????????? ()???????????BaV10O15 ? b??
?? ????????????300 K????????? ?? 10 2 
cm? BaV10O15 ?
????????300 K???????????????????????????? (d/dT <
0)??????????????????BaV10O15 ???????????????????
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?????????????
?? 3.3(b)?????????? ? (1=T )1=3 ???????????????????a ? b
? 8???????????????????(T )? 2???? variable-range hopping(VRH)?
(T ) = 0 exp
 

kBT
!1=3
(3.4)
????????????????????????BaV10O15 ? T > Tc ??????????
????????????????????c ????? (1=T )1=3  0:2 K 1=3 (T  100 K)??
?????????????????????????????? (!)??????????
???????
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? 3.3 (a) SrV10O15 ? BaV10O15 ????????? ()???????(b) SrV10O15 ? log  vs (1=T )1=3?
? 3.4 ? 300 K ? 5 K ???? SrV10O15 ????????????????????
??????????????? MnV2O4 ????????????????MnV2O4 ?
AV10O15(A=Ba, Sr)???? VO6 ?????????????????MnV2O4 ? V3+(3d2)?
?????????????SrV10O15 ??????????????0.5, 2.5, 4.5 eV ? 3 ??
???????????????????MnV2O4 ???2?4 eV?????????????
???? MnV2O4 ?????????????????????????2 eV ? 3d ????
Mott???4 eV???? 2p???? V? 3d???? charge-transfer?? (CT??)????
?????V3+ ???????????? V ??? RVO3 ????????????????
??? [6]???????SrV10O15 ?? 2.5 eV? 4.5 eV??????????Mott???CT?
????????????????????SrV10O15 ???? 0.5 eV??????V????
?????????????????? in-gap???????V3+(3d2)? V2+(3d3))?????
?????
? 3.5 (a)?(c) ???????????????????????????????????
? 3? SrV10O15 ??? 50
? 3.4 300K(???)? 5K(???)???? SrV10O15 ????????MnV2O4 ???????
?????????????????0.5 eV ??????????????????????
???0.5 eV ???????????????????BaV10O15 ?????? 0.3 eV ???
????????? (? 3.5(a)-(c) ???) ??SrV10O15 ??????? soft-gap??????
????????????????????????????AV10O15(A=Ba, Sr)??????
????????????? in-gap???V2+ ? V3+ ????????????????Mott
?????????????????????? in-gap??????????????????
??? La2 xSrxNiO4 ????????? [7]???????????????????????
??0.1?? 0.3 eV?????????????????? 3.5 (d)? (f)???????????
BaV10O15 ????????????????????????BaV10O15 ?? Tc = 123 K??
???????????????SrV10O15 ????????????????????????
????????600? 200 
 1cm 1 ??? (!)?????x??~!???????????
??????? 3.5 (d)-(f)?????????????? BaV10O15 ?? Tc = 123 K?????
???????????????? SrV10O15 ?????????????? 3.5 (a)-(c)????
???BaV10O15 ???????SrV10O15 ????????????????????????
????3??????????????????? (!)???? T ???????????
???????????????????????a ?? ~! = 0.7 eV, b (0.4eV), c (0.8eV)
????????a?b ?????????????????????????????? (a
????1.1eV?b ?? 0.5 eV)?????????c (!)????????0.8e V????
???? 0.3 eV?????????????
 (T)? (!)??????????????????????DC?????  (T )????
???????? (!)???????????????? 1=T 1=3 ?????????????
? 3.6 (a)-(c)????a ? b ??DC????????????????????????? !
???????????????????????????????????????????
??????? !??????????????????????????a(!)? b(!)??
? 3? SrV10O15 ??? 51
? 3.5 SrV10O15 ????????????(a) Eka, (b) Ekb, (c) Ekc??????????
?????BaV10O15 ? 5 K ???????????????(d)-(f) SrV10O15?????
BaV10O15(???)???? 0.1?? 0.3 eV??????????????????????
????????????????(d) Eka, (e) Ekb, (f) Ekc?
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???????????????????????????? DC???????? VRH??
??????????????????????????????????? c?? 3.6(c)???
a ? b ?????????????????????? 3.5(c)???? c ? 0.3 eV???
?????????????????????????DC???? 1=T 1=3 ?????????
? dip????? 3.3(b)?????????VRH?????????? 1.5 eV???????
???????????????????? 0.3 eV????????????????????
??????????
? 3.6 (a)-(c) SrV10O15 ???? DC??????????????????????????
3.6 ???
SrV10O15 ??????????????????????????????????? TN =
27 K? a????????????????????????????????????? 2?
?? Variable Range Hopping???????????????????? 5 K?? BaV10O15 ?
????? gap???????soft-gap????????????????????? BaV10O15
?? Ba????????????? Sr?????????????????????????
??????
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? 4?
Ba1 xSrxV13O18?????????
???????????
4.1 Ba1 xSrxV13O18 ????????
Iwasaki ????????? AV13O18 (A=Ba, Sr) ??????????????????
?? [1, 2]?????Ikeda ??????????????????????????????
Ba1 xSrxV13O18 ?????????????????? [3, 4]?????Kanzaki ??????
Floating Zone ???????????????????????????? nonstoichiometric
??????????????????????????????? [5]???????????
?????????? Ba1 xSrxV13O18 ??????????????????????
4.1.1 Ba1 xSrxV13O18 ???? V????????
Ba1 xSrxV13O18 ? V???????+2 813  +2:61?????????????????? V
? O????????????????V3+ ???2?? 3d????????? t2g ??????
??????????????????????????? 4.1????????Ba1 xSrxV13O18
? V????????????????????
V
O
V2+
3d??
V
eg
t2g
5
V3+
8:
? 4.1 Ba1 xSrxV13O18 ???? V????????
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4.1.2 Ba1 xSrxV13O18 ????????
???? BaV13O18 ? SrV13O18 ????????? rhombohedral?????????R3??
????????hexagonal setting? BaV13O18 ? a = 12:6293(10)Å?c = 7:0121(4)Å?SrV13O18
? a = 12:5491(7)Å?c = 6:9878(3)Å??? [2]???????hexagonal setting???????
4.2? AV13O18 ?????????BaV10O15 ???????????????????????
?????????????????????BaO??? Ba? O?????????Ba? O
??? 1:18????V??????? Ba?????????????? 3?? V?????
??V??? V????BaO??? Ba? O?????? 6?????????????? BaO
?? V???Ba : V : O=1 : 13 : 18????V????????????? 4.2(b)??????
???????????????????????????????????V ? O ????
????????????VO6 ??????????????????? BaO??V???c?
????[1/3, 1/3, 0]??????????????ABCABC???stacking?????????
??VO? NaCl???????????
(a)
(b)
V1
V2
V3
c
a b
? 4.2 BaV13O18 ??????(a) BaO?????? [1]?(b) (a)????????????
V???????????????? V1???? V2???? V3????????????
???????? V???????
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4.1.3 Ba1 xSrxV13O18 ???? V???/?????????
Ikeda???Ba1 xSrxV13O18 ?????????????????????????????
????????? [3, 4]?????? X??????????SrV13O18 ???Ttr = 270 K?
R3?? P1????????????????????????? V???????????
?????????????????????? Ba1 xSrxV13O18 ?????????????
??????? Ttr ???????????
? 4.3 SrV13O18 ? (a) ??? 400 K ? (b) ??? 90 K ???? c ??????? V ???
??????????V??????????c????????????????????
?????????????? [3]?
? 4.3(a)(b)??????400 K?> Ttr?? 90 K?< Ttr??? c????? V???????
??2.8 Å????? V-V???????????? V1????????????? 6???
???????????????????????V1?????? z???? 1?? V3???
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???? z???? 2?? V2(?)??????? z???? 1?? V3(?)???????? V
???????????? 6???????V1?????????????????????
??????????????????????????? V1??????????????
????????????????????? V1???? 3??????1+4  3 = 13???
??????????????
????90 K??R3?? P1??????????????2.8 Å????? V-V?????
??????????????????3???????? 2???????????????
????????? V1?????????????????? 1?????? 3??????
???????????? V??????????????????
? SrV13O18 ?????????????????????????????????????
??? 4.4???????BaV10O15 ?? V????????????????????????
???????????????? V???? d ??????? spin-singlet????????
?????????????????????????? V???? 3???????????
????? V2+ ?????????????????Sr V13O18 ??????????????
?????????????????????
(a) (b)
V3+(3d  )
V3+(3d  )
V2+(3d !)
yz
zx
xy
yz
zx
xy
yz
zx
O
O O
O
O
O
V3+(3d  )
V2+(3d !)
V3+(3d  )
V3+(3d  )
? 4.4 (a) V???????????(b) V??????????
4.1.4 Ba1 xSrxV13O18 ?????????????
Ikeda???Ba1 xSrxV13O18 ??????????????? ???? ???????? S?
???? ?? L=L?????????? [4]?????????????????? Sr???
? x??????????????????? 4.5???????????
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(f)
(e)
? 4.5 Ba1 xSrxV13O18 ??????? (a) ????? ?(b) ??? ?(c) ???????
S?(d)???? ?(e)? L=L?(f) Sr???? x???????? [3]?
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? Sr???? x????????????????????Sr????? x < 0:3????
?????????Tco?????????????????????????????????
Ttr ? ?????????????Tco ???????????? Curie-Weiss??????
?????????Ttr ???????? ? Ttr ??S ? Tco ? Ttr ????????????
L=L? Ttr ????? Tco ??????????????????
? SrV13O18 ? Ttr ??????????????????????????????????
??SrV13O18 ? ? Ttr ?????????????????????????? V1????
??? Sping-singlet????????????????????????????? x???
???? L=L????????????Ttr ???????????????????????
????
??? Tco ?????????????????Tco ????? 117 K? BaV13O18 ?????
???????????[0, 1/2, 1/2]????????????????? 4.6?[3]???????
(T )? Curei-Weiss?????????TTr < T < Tco ?????? V1??????????
???????????????????? [4]?
? 4.6 BaV13O18 ??????? [3]?
4.1.5 Ba1 xSrxV13O18 ?????????????
? 4.5(a) ????????SrV13O18 ?????????????????????????
?????????? spin-signlet????????????? t2g ?????????????
????????? [3]???????????? 3?????1?V???? V2+ ???????
spin-singlet??????????????????????????????????????
? 4? Ba1 xSrxV13O18 ???????????????????? 60
?????????????????????2??????????????????????
????????????????????????3???????????????????
???????????????????????? 4.7(a)(b)???????????????
?? SrV13O18 ? V??????????????????????????????????
????? 4.7(a)????????????????????????ab??????????
??????????????????????????????????????2/3????
???????????V2b2?V3a2?V3c1?V2c2?V2c1?V3c2?V3a1?V2b1???????
??????????????????????????????? V???????????
???????????????????????????????????????????
?????
???????????????????????????????????????????
???????? 4.7???? V3c2? V3a1??????????????????????
???????BaV10O15 ???????????????????????????????
?????????Ikeda?????????????? V??? t2g ????? spin-singlet?
????????????????????????? 4.7????????????????
?? V ??????? 4.8 ??????????????? 4.7 ?????????????
??????????? t2g ???? 4.8(b)???yz???????????????????
????V2c1-V2c2?V3a1-V3c2 ??????????????????? 2p ???????
xy-2px-zx???? spin-singlet?????????????????? spin-spinglet?????
???????????
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V1 V3
V2
(a) HT
(b) LT
? 4.7 SrV13O18 ? (a)????(b)????????V?????????????????
???????? 8?? V????V2b1, V2b2, V2c1, V2c2, V3a1, V3a2, V3c1, V3c2???
??????????????????? V?????????????? [3]?
? 4? Ba1 xSrxV13O18 ???????????????????? 62
(a)
(b)
? 4.8 (a) ???????? V ????????? fcc ????????????????
????????????????????? 2????????????????????
? (b) yz??????????????????????????????????????
??????xy   xy??? spin-singlet???????????????????zx   zx ?
spin-singlet?????????????????????? 2px ?????? xy   2px   zx
? spin-singlet???????? [3]?
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4.1.6 BaV13O18 ?????????????
Kanzaki???Floating Zone??????????????BaV13O18 ??????????
??  ????  ????????? nonstoichiometric ?????????????????
???? [5]?
?? 4.9 ??2 ????? (#1, #2) ????  ?  ?????????#1 ??????
stoichiometric????????#2?????BaV13O18+ ??????  = 0:8???????
?? nonstoichiometric???????#1?????Ttr ? a ?????c ????????
Ttr ?????????????????????nonstoichiometric?#2?????Ttr ????
????????????????????????? Curie-Weiss???????????
? 4.9 (a) ??#1?(b) ??#2 ???? BaV13O18 ????????????????(c) ?
?#1?(d)??#2???? BaV13O18 ????????????? [5]
? 4.10? nonstoichiometric??? (#2)????????????????a ? aa????
??????c ? c????????????????Tco ??????????? 0.25 eV?
????????????????????????????? 0.2 eV ?????? Spectral
Weight???Tco  200 K??? aa????? Spectral Weight??????????????
????????????? Spectral Weight?????????? 0.5 eV??????? 240
K? 5 K ?????????????????????????????????????0.5
? 4? Ba1 xSrxV13O18 ???????????????????? 64
eV????????????????????????????Kanzaki??????????
? Tco ????????????????????????????????????????
???? [5]???????????????????nonstoichiometric ????#2?????
??Ttr ??????????????????????
? 4.10 Stoichiometric ? BaV13O18 ?????(a) a ??(b) c ?????????????
????????(c) a??c?? 0.2 eV??? Spectral Weight?????????????
240 K ???? 5 K ? Spectral Weight ??????????(d) ?? 300 K ???????
??????? [5]?
4.2 ??????
????? Ba1 xSrxV13O18 ????????????? BaV13O18 ???????????
???????????????????????????????????????????
???????????????????? Sr???? x????Ba1 xSrxV13O18 ?????
???????????????????
4.3 ????
Ba1 xSrxV13O18 ????????Kanzaki??????????? [5]??????A2V2O7 (A
= Ba, Sr)?V2O3???????3N??V???????3N??????A2V2O7 (A = Ba, Sr)??
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? 3??????????????? V2O3 ???????????????????????
??????????????????
1   x
2
Ba2V2O7 +
x
2
Sr2V2O7 +
29
6
V2O3 +
7
3
V  ! Ba1 xSrxV13O18 (4.1)
??????????????????????????????????????? Floating
Zone???????????Ar+H2 7%)???????????Ba1 xSrxV13O18 ???????
??????????????????Ar+H2 7%?? FZ?????????????????
???????????????????????? SQUID???????????????
????????????? Sr???? x??????????????Hall???????
4.11?????BaV13O18 ???????????????????????? BaV13O18 ??
???? PPMS?Physical Property Measurement System?Quantum Design??????????
???????? 7T????????Hall??????????????Hall?? RH ???
????? t?????? H?????? I ??????? Hall??? V ??????????
???????????
RH =
tV
IH
(4.2)
????????? n??q?????????????Hall?? RH ???????????
???????
RH =
1
nq
(4.3)
????????????????????????????
I? I-
V+
V- 
?? ?????
??
? 4.11 Hall??????????????
????????????????????(322)????????????????????
??????? 3?????? Ba0:9Sr0:1V13O18 ?????????? 2?????? SrV13O18
????????????? 2????? 0.07 - 5 eV???????(322)?????????
???aa??? c?????????????????Kanzaki???????????? [5]?
(322)????? 4.12???? c????????????????????????? Ra??
?????????????? Rac ???????????????????? Ra?Rac ???
??????? 2????? Karmers-Kronig??????????? "a?"ac ??????? c
????????? "c ??
"c =
"a"ac sin2 
"a   "ac cos2  (4.4)
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???????????????????? (322)?? c??????=54.4????????
? "a ? "c ?????2.7????? a??? c????????????????????
Ra
Rac
q
c?
[322]
(322)???
? 4.12 ??????????c??????
4.4 ??????????????Hall??????????
? 4.13(a)-(b)? Ba1 xSrxV13O18 ????x = 0; 0:1; 0:2; 1??????? ? a??a?? c?
?c??????????????300 K?? a ? c ???????????????????
????????????x  0:2?? a(T )? c(T )? Tco ?????????????300 K
?? Tco ?????????a(T)? c(T)?????????????
 = 0 exp
 
Eg
kbT
!
(4.5)
????????????????? 4.13(f)??Sr???? x??????????????
Eg ????Eg=kb ? Tco ???????????Sr???? x???? Tco ?????????
??Eg=kb ????????????????????????
? Tco ???????????a(T )? c(T )???????????????????????
???x < 0:2?????Ttr ??a(T )??????????????c ???????????
????????????????????Ttr ?????????a(T )?c(T )???????
??????????????????c(T )?????????????????Tco ????
?? SrV13O18 ???? 4.13(d)???????Ttr?250K? a(T)?????c(T)??????
??? Ttr ?????a ???????????????c ????????????????
????? Ba1 xSrxV13O18 ????????????? (T )???????????????
???????????
?? 4.13(e) ? Ba1 xSrxV13O18 ???? (T ) ??????????BaV13O18 ???????
??H k a?a?? H k c?c???????(T )????????????????x  0:3??
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??Tco < T < 300 K????????????? (T )?????????????????V
???? spin-singlet???????????????Tco ? (T )?????????Tco ???
???????Curie-Weiss???????????????????????????????
(T ) = v +
C
T    (4.6)
???????????????????? v ??????????????Van Vleck???
?????????????? C?????? ??? Curie-Weiss????????????
????v ???? 1  10 4cm3/V-mol????LiVO2 [7]? V2O3 [8]??????????
????????????????? C??x =0?0.1?0.2??1:1  1:5  10 2cm3/V-mol??
??????
Ttr ? (T )?????????Ttr ???? 30 K??? Curie???????????????
????????????????????? Ttr ?? (T )????????? 4.5(b)????
?????????????????????????? BaV10O15 ????????????
???????????????Ba1 xSrxV13O18 ? Sr?????? x?????????Ttr ?
????x  0:4???Ttr ? Tco ??????Curie-Weiss?????????????????
??????? Tco ? Ttr ????????? 4.14????????Ikeda?????????
??????? 4.5(f)???????x = 0?????????????????????????
Ba1 xSrxV13O18 ??????x=0??? Ttr ????????????????Kanzaki???
? nonstoichiometric ???? Ttr ??????? [5] ???????BaV13O18 ???????
???? nonstoichiometric???????????
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? 4.15 BaV13O18 ? Hall????????
BaV13O18 ? Hall ?????????? 4.15 ????????????????????
H k a? j k c ????Ttr ???????????RH ??????Ttr(= 60 K) ??? 64 K ?
??????? 2  10 3cm3/C ??????????V ?????????? 0.07 ????
???????????Ba1 xSrxV13O18 ???13?? V?????? 31?? d ??????
??? 4.3(a) ? SrV13O18 ???????? BaV13O18 ???????????? V ? 3 ??
????????????? 4.4(b) ???????????? 5 ???????? 2 ????
?????????????????? 10 ???????????????? 31 ?????
???30 ????????????? 1 ????? V ?????????????????
?????? Curie-Weiss???????????????????????????????
?????????????????????????????? d ????????????
???? Curie-Weiss ??????????????????Hall ????????????
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????????????????? 2 ??????? (0,1/2,1/2) ????????????
??? [3]??????????????????????????? Curie ????? 1.1 ?
1.510 2cm3K/V-mol ???????????????????26 ?? V ?????????
? S=1/2????????????????C = 1.410 2cm3K/V-mol????????????
???????????????????????????????????Ttr ??? 64 K?
Hall??????????????????????????????0.07?????????
????????1/26?0.038?????????
????????????RH ? Ttr = 60 K???? 56 K?????-8 10 3cm3/C?????
??????????????? RH ? 20 K??????????12 K??????????
???????? 2 K?? 1.410 2cm3/C?????????????RH ??????????
??????????????????????????????????????????
??????????????????????Charge-Density-Wave(CDW)?? [9, 10]???
??????????????? CDW?????????? Hall??????????Ru?
???Sr2RuO4 [11–13]?SrRuO3 [14]?Ba4Ru3O10 [15]??????????????????
??????? Hall????????????????????
? 56 K? RH ???????????????? V????????0.02????????13
?? V???? 31?? d???????????????28????????? V????10
??????????????? V??? (6??????????)???????????3
??????spin-singlet ??????????13 ?? V ?????????????????
??????????? V??????????????0.02???????????????
? 3/13?0.23????????????????????????????????? 2???
??????????????????????Ba1 xSrxV13O18 ??????????????
??????????????????
4.5 ???????
? 4.16(a)?(b)?????????????????? Ba0:9Sr0:1V13O18 ?????????
??? SrV13O18 ??300 K ???? 5 eV ??? ab ??? c ??????????????
?a(!)?c(!)??????????????? 0  5 eV? 3??????????????1
eV????????in-gap??????? V?????????? V2+(3d3)?? V3+(3d2)?
????? d ??????????????2 eV ?????????? Mott-gap ??????
V???????????? V3+(3d2)?? V3+(3d2)???????????????3.5 eV?
??????charge-transfer(CT)??????????? 2p???? V? d ????????
??????Kanzaki???????????????????? BaV13O18 ????????
??????? [5]?
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? 5?
V????????????????
5.1 ??????????
??????BaV10O15 ? Ba1 xSrxV13O18 ????????????? V ????????
?????????????????Ba1 xSrxV10O15 ? 1-10-15??Ba1 xSrxV13O18 ? 1-13-18
???????????????????????????????????????????
???????????????????????????????????????????
????????????????????????????????????????????
???????????????????????????????????????????
?????????????????????????Mn????????? [1–4]?
?????????????????????????????????????? 5.1???
?????????????????????????????? Tm ???????????
???????????????????????????????????????????
????????????????????? Tg*1?????????
(a)
(b)
? 5.1 (a)??????????????(b)???????????????
*1 ???????????????????????????????????????????Tg ???????
??????????????????? Tg ????? 1013 ??????????????????? 100??
???????????
? 5? V???????????????? 78
?????????????????? ???????????????????????
???? [5]???? Strong???????????  / exp(E=kBT )????????????
?????SiO2 ? GeO2 ????????????????????????????????
????????????????????????????????????? [5]????
???fragile???????Vogel-Tamman-Fulcher?  / exp(E=kB(T   T0))????Tg ???
???? T0 ????????? ????????????????????????????
?????????????? [6–8]?????? V??? -Ag2=3V2O5 [9]?MnSi?????
????????????? [10]????????????????????????????
?????????Mn????????????????????????????????
???????????
5.1.1 ????????Mn??? Pr0:67Ca0:33MnO3
????????Mn??? Pr1 xCaxMnO3?0.3  x  0.5???Tc = 220 K???? 5.2 (a)
????????????????????????? T?????????????????
?????????? [1–3]?Anane ???Pr0:67Ca0:33MnO3 ???????????????
????????? [4]??????????????? 5.2(b)?????? T???????
???????????????????????????????????????????
??????????????????10 T???????????????????????
???????????????????????????????? 5.2 (c)????????
????????????< 10
?????????? ??106 ?????????????
?????????????????40 K???20000????????? ????????
5.2 (c)??????????????????
 = 0 exp
 
E0
kBT
!
(5.1)
??????????????0 = 2:1 11 s?E0=kB = 1380 K???????????????
??????????? 5.2 (d)??????????????????????????????
????????????????????????????????????? 5.3?????
???????????????????????????????????????????
?? ????????????????????????????????????????
??????????????????????????????????????????
?????????????
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(b)
(c)
(d)
(a)
? 5.2 (a) Tc ????????????????? [11]??????c???????z = 0?
? 1/2???? 4??????????????(b) Pr0:67Ca0:33MnO3 ? T = 40 K?????
?????????????????????(H, T )??????????????????
????????????????????????(c) Pr0:67Ca0:33MnO3 ????????
?????????????????????????????? ???????????
????(e) 45 K????????????????????(b)-(d)? [4]????
? 5.3 Pr0:67Ca0:33MnO3 ???????????????????
5.1.2 ??????????????
???? -(BEDT-TTF)2RbZn(SCN)4 ?????????????????????????
?????????????????? [6–8]?? 5.4A-C?????????ac??????
BEDT-TTF???????????????????????RbZn(SCN)4 ?????????
? 5? V???????????????? 80
??????????????????????????????????? 5.4 D?????
??????< 1 K/min?? 198 K???????????????????????????
??> 5 K/min?????????????????????????????????????
????????????????100 K????????????????????????
????100 K?????????????????????????????? [6]?????
???????????????????????????????????????????
?????????????Tg ?????????????????????????????
?????? X??????????34????????????????????????
? [6]???????????????????????? NMR??????????????
?????????????????????????????? [7, 8]?
? 5.4 A ??????????B ???????????????BEDT-TTF ????
????????? RbZn(SCN)4 ?????????????????????C ???
BEDT-TTF???????? BEDT-TTF???????????????????????
????????????????????D ????????????????????
?????< 1 K/min???)???TCO = 198 K?????????????? (> 5 K/min?
??)????????????????Tg 165 K???????????????[8]??
??
5.2 ??????
??????????????????????????????????????????
?????????????1-10-15 ??1-13-18 ????????????????????
?V?????????????1-10-15??????????????????????????
????? 103 ???????????????????????????????? 1-13-18
????????????????????????????????????Mn??????
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????????????????????????????????? 1-13-18 ?? Sr ??
????????????????????????????? 1-10-15??1-13-18????
???????????????????????????????????????????
?????
5.3 ????
1-10-15 ???Sr ?????? Ba0:94Sr0:06V10O15 ???????????????????
?????????BaCO3?Sr2V2O7?V2O3 ????????????? 2????????
??????????? FZ???????????1-13-18???? 4??????????
???????? Sr??????????????????????????????????
??????????????Ba2V2O7?Sr2V2O7?V2O3?V???????????????
????????????? Ar+H2(7%)?????? 2????????????1? 2l/min?
? FZ????????????????????????????????????????
????? Sr???? x = 0.05?0.07?0.15???????????????????????
??????????????1-10-15????????1-13-18??????????????
??????He??????????????????????200K/min?????????
???????????????????????????????????????????
?????? 2 K ?????100 K/min????????????????????????
??????????????????????????????????SQUID??????
????? 50 K/min????????????????????????????? 50 K/min
? 10 K????????????????? 50 K/min??????????????????
???????????
5.4 ???????
5.4.1 1-10-15?????????
? 5.5(a)?(b)??Ba0:94Sr0:06V10O15 ?????????????????????????
????????????? jjjc?? 5 K/min???????????????????????
Tc = 86 K, 106 K?????????????????BaV10O15 ? Tc = 123 K???????
?? Sr ???? 6% ??????37 K ?????????????????????? 200
K/min? 4.2 K????????5 K/min?????????????65 K??????????
?????????????????????????65 K????????????????
????????????????????
???? (Hjja)???5 K/min????????????????BaV10O15 ?????Tc ???
????????? TN1 = 37 K????????????BaV10O15 ? 43 K? a??????
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?????????????????????6 K????????????50 K/min? 300 K
????????Tc ????????????????????????????TN1 = 37 K
?????????????????????? TN2 = 22 K???????????????
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5.4.2 1-10-15?????????????
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?????????????????????????????? 5.7 (b)??????????
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????????????  ?  ? Pr0:67Ca0:33MnO3 ?????????
 = 0 exp
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(5.2)
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